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Abstract
In this talk, the latest results from CMS on searches for beyond the Standard Model physics in ﬁnal states with 2,
3, 4 (or more) leptons and with photons are presented using 20 fb−1 of data from the 8 TeV LHC run. A variety of
complementary ﬁnal state signatures and methods are used to probe new physics.
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1. Introduction
Supersymmetry (SUSY) is one of the most appealing
extensions to the Standard Model, solving the hierar-
chy problem, providing a path towards Uniﬁcation of
the fundamental forces, and predicting dark matter can-
didates. The Compact Muon Solenoid (CMS) [1] col-
laboration has executed a complete program of SUSY
searches at
√
S= 7 TeV and
√
S= 8 TeV inspecting
a large variety of ﬁnal states. SUSY models usually
involve the presence of heavy supersymmetric parti-
cles decaying in long decay chains that produce high
hadronic activity. In the case of R-parity-conserving
SUSY, supersymmetric decay chains end with the pro-
duction of an invisible, stable particle (LSP) that re-
mains undetected producing high transverse missing en-
ergy (ET ) in the event. The inclusion of leptons and pho-
tons in the ﬁnal state strongly supresseses backgrounds
and provides eﬀective methods for estimating the re-
maining contribution, using data control regions.
This document focuses in a subset of SUSY searches
performed by the CMS collaboration at
√
S= 8 TeV,
using two or more leptons, and photons. Other CMS
searches using leptons are reported elsewhere in the
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context of third generation production, electroweak pro-
duction and R-parity-violating SUSY searches. The in-
terpretation of the results is performed in terms of the so
called simpliﬁed models (SMS)[2], with stress in gluino
production for the leptonic searches.
2. Search with two opposite-sign leptons
This search [3] looks for SUSY signatures in events
with two opposite-sign leptons (electron or muon) for
both same and diﬀerent ﬂavor pairs. Events are required
to contain at least ﬁve jets, where the two with higher
momentum are required to be central (|η| < 1), and at
least two of them must be b-tagged. In addition, the
event should contain ET > 180 GeV. This selection tar-
gets signatures with multi-top production and heavy in-
visible particles (LSP).
Background prediction is based in data control sam-
ples. In particular the centrality of the jets is inverted,
and the resulting yields are multiplied by a forward-to-
central factor calculated using a third sample in which
two b-tagged jets are not required. Figure 1 shows the
observation and the background prediction for the sig-
nal region. No signiﬁcant excess is observed over the
background prediction. Figure 2 shows the upper limits
on a simpliﬁed model based on gluino production, with
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Figure 1: Distribution of the number of events observed in the signal
region and the background prediction. Observation and prediction are
in good agreement.
the gluino decaying into a top pair and the LSP. Gluino
masses up to 1000 GeV are excluded.
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Figure 2: Upper limits in a simpliﬁed model with gluino production,
decaying into top quark pairs and the LSP. The scan is performed as
a function of the mass of the gluino and the LSP (neutralino). Gluino
masses up to 1000 GeV are excluded.
3. Search with two same-sign leptons
SUSY searches using events with two same-sign lep-
tons are one of the most appealing given the small
amount of standard model backgrounds. CMS performs
this search ([4]) in two diﬀerent regimes: high mo-
mentum leptons, where the momentum of the leptons
is pT > 20 GeV; and low momentum leptons, where the
transverse momentum is contained in the rage 10 GeV
< pT < 20 GeV. The search is then organized in 28 dif-
ferent regions according to the presence or not of b-jets,
the transverse missing energy, and the sum of the trans-
verse momentum of the jets HT . The high pT analy-
sis targets signatures including leptons coming from on-
shell W bosons, while the low pT searches targets sig-
natures with oﬀ-shell W, soft leptons from compressed
spectra and R-parity violating signatures.
The main source of same-sign leptons in the standard
model are: W+jets and QCD with non-prompt leptons
(jets misidentiﬁed as leptons, or real leptons coming
from semi-leptonic b-decays, usually known as fakes);
events with two opposite-sign leptons where one of the
charges was measured incorrectly; and events coming
from rare standard model process like double boson or
top pair + boson production. The fake contribution is
calculated using sidebands in data, where the identiﬁ-
cation and isolation requirements on the leptons are re-
laxed. Charge misassignment, negligible for muons, is
estimated from a control region enriched in Drell-Yan
events with the Z boson decaying into two electrons. Fi-
nally, rare standard model processes are estimated from
Monte Carlo simulation.
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Figure 3: Upper limits in a simpliﬁed model with gluino production,
where the gluino decays into two top quarks and the LSP. Gluinos
masses are excluded for masses below 1050 GeV.
A good agreement is found between the observation
and the background prediction. Upper limits are set in
a large variety of models (see [4] for reference). Only
the regions with higher sensitivity are included in the
limit calculation. In particular, upper limits were calcu-
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lated for gluino production, with gluons decaying into
top quark pairs and LSP (Fig. 3); and with gluons de-
caying into quark pairs and charginos, and the charginos
into W bosons and the LSP (Fig. 4). In both cases, re-
gions with high ETand HT were used. The case of glu-
ons decaying into top quarks used also the regions with
b-tagged jets. Gluinos masses up to 1050 GeV were ex-
cluded.
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Figure 4: Upper limits in asimpliﬁed model with gluino production,
where the gluino decays into two quarks and a chargino which decays
to a W boson and the LSP. Gluinos masses are excluded for masses
below 1050 GeV.
4. Search with three or more leptons
The CMS SUSY program includes searches for ﬁnal
states including at least three leptons. This analysis [5]
deﬁnes a large number of categories according to the
number of leptons and their ﬂavor and sign combina-
tion; the invariant mass of the same ﬂavor, opposite sign
leptons (low mass, Z boson mass and high mass); the
presence or not of a tau lepton; the number of b-jets;
and the amount of ETand HT in the event. The signa-
tures targeted by this search include diﬀerent processes
with high top or W boson multiplicity, or with the pres-
ence of sleptons.
The main standard model backgrounds for this search
include the WZ production, events from top pair pro-
duction, Drell-Yan or WW production with non-prompt
leptons (fakes), and events with two prompt leptons and
ﬁnal state radiation of a photon that converts assymet-
rically. The ﬁrst two backgrounds are estimated from
Monte Carlo simulation. The contributions of fake lep-
tons and photon conversions are estimated from side-
bands in control data samples.
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Figure 5: Upper limits in a simpliﬁed model involving gluino produc-
tion, with the gluino decaying into quark top pairs and the LSP. Gluino
masses below 1050 GeV are excluded.
The background prediction and the observation are
found to be in good agreement. Upper limits are set in a
large variety of simpliﬁed models [5]. In particular, sim-
pliﬁed models with gluino production, where the gluino
decays to a top quark pair and the LSP (Fig. 5); and
simpliﬁed models with sbottom production, where the
sbottom decays into a top quark and chargino, and the
chargino into a W boson and the LSP (Fig. 6), are con-
sidered. Gluino masses up to 1050 GeV and sbottom
masses up to 575 GeV were excluded.
5. Search with two photons
This search [6] focuses in events with two photons
and with an invariant mass compatible with the mass
of the Higgs boson. Events are additionally required
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Figure 6: Upper limits in a simpliﬁed model involving sbottom pro-
duction, with the sbottom decaying into a quark top and a chargino,
which ﬁnally decays into a W boson and the LSP. Sbottom masses
below 575 GeV are excluded.
to have at least two b-jets and a large amount of ET .
Three exclusive categories are deﬁned attending to those
events that contain one additional b-jet, events with two
b-jets with a mass compatible with the mass of the
Higgs boson, and the rest of the events. This analysis
targets SUSY cascades with a neutralino decaying into
a Higgs boson. The main background is the QCD pro-
duction of events with two photons and two b quarks,
and a photon, two b-quarks, and one jet.
This background is estimated from sidebands in the
diphoton mass. Figure 7 shows the distribution of the in-
variant mass of the two photons, and the ﬁt performed in
the sidebands to estimate the background. Good agree-
ment is found between observation and prediction and
upper limits are set in simpliﬁed model based in the
Gauge Mediated Supersymmetry Breaking (GMSB).
This model consists in the production of two stops de-
caying into chargino and a b quark. The chargino decays
into two fermions and a neutralino, which ﬁnally decays
into a Higss boson and a gravitino (the LSP). The upper
limits are shown in Fig. 8. The mass of the stop is ex-
cluded for values below 380 GeV.
Figure 7: Distribution of the invariant mass of the two photons. The
two sidebands on the left and right of the Higgs boson mass are ﬁtted
to get an estimation of the standard model background.
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Figure 8: Upper limits are set in a GMSB model with stop production
decaying into chargino and b-quark, and the chargino into fermions
and a neutralino, which ﬁnally decays into a Higgs boson and a grav-
itino. The masses of the stop are excluded for values below 380 GeV.
6. Conclusions
The CMS collaboration has developed a very strong
SUSY program with diﬀerent searches covering a large
number of interesting signatures. Many of these analy-
ses focus in ﬁnal states with leptons or photons that al-
low to stongly reduce the standard model backgrounds
while providing good handles to estimate them from
data control region. In this work we have presented
two analyses with two leptons (opposite sign, and same
sign), one analysis with three leptons, and one analy-
sis with photons. The background estimation in all of
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them agrees well with the observation and upper limits
have been set in a large variety of models. This result
focuses in strong production of gluinos, sbottoms and
stops, where masses below 1050 GeV, 575 GeV and 380
GeV respectively have been excluded.
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